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ABSTRACT 


Notched flat plate specimens have been tested to examine 
Neuber's equation and other relations with respect to their 
application in the determination of stresses in the plastic 
range at the notch root when the far field strain is known. 
A nonlinear finite element solution has also been obtained 
for notched flat plates in plane stress to facilitate an 
evaluation of it as an analytical method for calculating the 
behavior of stresses at the notch root. 

Experimental results indicate that Neuber's equation is 
ten to twenty-five percent in error for the notch geometry, 
strain level and material behavior encountered in the present 
study. Finite element analysis results were in close agree- 


ment with experimental results. 
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Pe J ERODUCTION 


A major goal of the Navy Aircraft Life Management Program 
iomeo reliably and accurately predict the fatigue life of 
aircraft structures. The method currently employed determines 
Semuceural fife as a function of known structural and material 
properties and of "g" loading, which is measured by acceler- 


ometers in each aircraft. Since loads carried by the aircraft 


W BI 


structure for a given load are also a function of vari- 


g 
ables such as airspeed, weight, altitude, angle of attack and 
stores distribution, all of which are not measured, the 
present method of estimating structural life, to be safe, per 
force must be conservative; thus, aircraft can not be em- 
ployed at their optimum cost effectiveness. 

In order to obtain a more accurate means of determining 
aircraft life, a fatigue monitoring system has been developed 
(Ref. 1]. This system provides a direct airborne capability 
tee recording strains at critical locations in the structure 
through the use of strain gages. Placement of strain gages 
Bea 'ocation Of Stress concentration is not practical for 
long term applications, because fatigue of the strain gage 
itself precludes the use cf this method. Therefore, the 
Strain gage must be located at a point on the structure near 
the site of interest but undisturbed by the effects of stress 
concentrations. 

An accurate relationship between applied strain, or far 


field strain, and local stress behavior at a point of stress 





concentration will, therefore, be necessary, if a strain 
monitoring system is to be a viable means of providing data 
eesti rter ete monitoring. Calculating local stress for a 
known far field strain becomes complicated when the material 
in the area of the stress concentration is stressed beyond 
the elastic limit. 

The theoretical solution to the nonlinear plasticity 
problem has been demonstrated for simple geometries; however, 
these solutions do not have a practical, wide application in 
aircraft geometries [Ref. 2]. As a consequence, the majority 
of the current literature has centered on using Neuber's 
relationship for finding stress at the edge of a hole. 

Neuber [Ref. 3] proposed that the geometric mean of the stress 
SGmceneration factor, Ke, and the strain concentration 


Factor, Ke , is equal to the elastic stress concentration 


factor, Ky, . In equation form this is 
2 
Ky = Ke Ke 
where 
_— local stress - VY 
TY heminal otress S 
and 
local strain = S 
K — eee eee — aes 
E nominal strain e 


Impellizzeri [Ref. 4] proposed a method of calculating 
local stress using Neuber's relationship, material proper- 
Ele teminal strains and K, ; all of which are known quanti- 
mleceeecimce nominal strain is easily obtained from apolied 


Umiais alg A 
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Although Neuber's relationship has had wide coverage in 
the available literature, the results of investigations have 
not been consistent. Crews [Ref. 5] found the relationship 
come deetececmrecnin a factor of two. Griffis [Ref. 6] found 
the relationship to be in error by as much as twenty-five 
oercent for a notched flat plate in plane stress. Horne 
(Ref. 7] found the relationship to be accurate within four 
Mercent fer a flat plate with a circular hole in plane stress 
with up to one percent strain at the edge of the hole. From 
the above, it can be seen that more information is needed to 
evaluate the validity of Neuber's relationship. 

In order to provide an accurate means for calculating 
local stress behavior from applied strain, the accuracy of 
Neuber's relationship in its application to flat plates in 
plane stress was tested during this investigation. Also, a 
nonlinear finite element analysis of plates in plane stress 
was compared with the results of material testing to provide 
an analytical means of evaluating local stress behavior. 
Maditionally, a proposal for calculating local stress from 


applied strain was made for inclusion in reference 38. 


ied 





Wee ments oer kA PLATE SPECIMEN TESTS 


m”6CU «UAL PRODUCTION 

In view of the apparent discrepancy regarding the validity 
of Neuber's relation, tests were performed on notched flat 
plate specimens in plane stress to observe Neuber's relation 
and the relationship between far field strain and local stress 
Semavior at the notch root. To insure uniformity, all flat 
plate specimens were manufactured from the same sheet of 
0.090-inch thick 7075-T6 aluminum. In addition, all specimens 
were Oriented the same direction on the original sheet of 
material and each plate was manufactured to fit a common 
loading fixture used in the Riehle testing machine. 

In all phases of specimen testing, strain gages were con- 
nected to a Wheatstone bridge circuit, which has been cali- 
brated for strain gage factor and temperature considerations. 
The output of each Wheatstone bridge was measured by a 
Gigital voltmeter and recorded on a stripchart recorder. An 
event marker on the stripchart recorder was used to coordinate 
the load with the strain gage trace. The load was recorded 


by hand at convenient increments. 


Sele pe be NS Lie SiREBSS-STRAIN TESTS 
To determine the stress-strain characteristics of the 
test plates, two flat plate uniaxial specimens were tested 


in plane stress. 


2 





ieeeeesecripti1on of Procedure 
The first specimen was tested to accurately determine 
the stress-strain relationship in the elastic range. Loads 
were applied, held, and strains were read on the digital 
voltmeter until creep in the specimen became significant. 
The second specimen was used to investigate the stress-strain 
Beat tOnsnie im the region of large strains. During this 
test, the load was applied at a constant rate and strain data 
were recorded simultaneously on the stripchart recorder. 
Figure 1 shows the instrumentation used to record strain data. 
Z-eeste Results 
For both specimens, stress was calculated from load 
data for a corresponding level of recorded strain. The results 
of the tests were combined to produce the stress-strain re- 
lationship for the test specimen material. Table 1 of 
Appendix A and Figure 2 contain the results of the unlaxial 
tensile stress-strain test. 
mom test resules, the modulus of elasticity for the 
test material was determined to be 10575 ksi, and the yield 


Stress was Getermined to be 75 ks1. 


eee tere PLATE SPECIMEN TESTS 

Notched flat plate specimens were tested in plane stress 
to investigate Neuber's relation and the relationship between 
paeereola staan and stress at the motch root. Four specimens 
with different notch geometries were utilized in the test. 
Figure 3 describes the four plate geometries and strain gage 


placement. 
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In addition to the strain gages shown in Figure 3, an 
extensometer was placed in the region of far field strain. 
Strain data from the extensometer were recorded by the Riehle 
testing machine as the machine recorder produced a graph of 
applied load versus extensometer strain. 

1. Test Procedure 

The instrumented specimens were loaded by the Riehle 
testing machine with a constantly increasing tensile load. 
Figure 4 shows test specimen number four mounted in the 
machine. As the load was applied, strain data were recorded 
in a Manner similar to that described for the uniaxial tensile 
stress-strain tests. 

The tests were terminated for plate number one when 
the gage limit of three percent was exceeded; for plates two 
and three after both gages had failed; and for plate four 
when the load limit of the loading fixture holding the speci- 
men was reached. 

Zoe fest Results 

To analyze stress and strain behavior at the notch 
root, the data recorded at the notch roots were averaged. 

To determine stress from strain data, the data obtained in 
the uniaxial tensile specimen tests were used in a regression 
scheme that calculated a stress for any given strain. Far 
field stresses and strains and nominal stresses and strains 
were calculated from a knowledge of the load, plate geometry 
and modulus of elasticity of the test material. 

Tabular data from the notched specimen tests are 


Meesentea in Tables 2 to 27 of Appendix A. In the tables of 
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Pi gure i Photograph of Notched Test Specimen 
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Appendix A, stresses 1 and 2 and strains 1 and 2 refer to 
stresses and strains at the notch roots. Stress and strain 
number 3 refer to extensometer data. It can be seen that 
strains l and 2 are in disagreement by 10 percent for plate 
number 1 (Table 2). This is attributed to strain gage lo- 
cations not being identical on both notches and the rapidly 
changing stress gradients in the notch root area of plate 
number 1. As the notches became less severe, the differences 
between notch root strain gage readings became less. The 
notch root strains recorded for plate number four are almost 
identical. Figures 5-8 contain a graphical presentation of 
far field stress and strain concentration factors versus notch 
BOOtmoesetn £Or plates 1 thru 4, respectively. Far field 
stress concentration factors have been defined as the ratio 
of notch root stress to far field stress. The far field 
strain concentration factor has been defined similarly. 

The experimentally determined elastic far field stress 
concentration factors for the notched test specimens were as 
tOllowse 


Notched Plate Number Elastic Far Field Stress 
Concentration Factor 


il B18, 
2 Byres 
zi 2.45 
4 62 


Memmi Tiela elastic stress concentration factor can be re- 
lated to the traditional elastic stress concentration factor 


by the ratio of the far field area to the nominal area, which 
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1s the net cross-sectional area of the plate taken at the 
MOECH . 

Figures 9-12 show the deviation of the test data 
from Neuber's relation. The data plotted for plate number 
™yO in Froure 10 have a discontinuity in the region of 0.6 
BemOnworDerecent Strain. This 1S attributed to poor data 
obtained from strain gage number two prior to its failure. 
It can be seen that once the notch root strains reach the 
Begronwor plasticity, Neuber's relation 1S in error to a 
Meonietecant degree. It can also be seen that the error in- 


@Preases as tne level of notch root strain increases. 
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Pee eee RODUC TION 

The finite element method has proven to be a powerful 
tool for analysis of complex problems in structural engineering. 
A dominant reason for its quick acceptance and extensive ap- 
plication in engineering practice is due to its complete 
generality. | 

For the reason of generality, this investigation examined 
the feasibility of forming an analytical method of observing 
local stress behavior in the area of stress concentrations 
for flat plates in plane stress. If the results of a finite 
element analysis compared favorably with actual test data, 
1t could be postulated that models of other stress concen- 
tration factors and material properties would be equally 
Vaud. 

1. Survey of Available Finite Element Analysis Programs 

Finite element programs available at the Naval Post- 
graduate School were surveyed for the best available program 
to use in a nonlinear finite element analysis of flat plates 
in plane stress. 

The scope of nonlinear programs available was quite 
narrow. Program EPLAS [Ref. 6] has been translated to FORTRAN 
IV and made operational. Programs NONSAP [Ref. 9] and ADINA 
eee iG, were also operational and available. Program EPLAS 
used a scheme of constant strain triangles in an analysis of 


Pibtees in plane stress. Because the intricacy of the small 


fas, 





triangles required to define the area of stress concentration 
did not lead to easily redefining the model, program EPLAS 
was not considered appropriate for this investigation. Pro- 
gram NONSAP contained a library of element models as well as 
material models, and it was considered appropriate for this 
investigation. However, the most flexible and convenient 

to use of the three programs surveyed was program ADINA 
(Automatic Dynamic Incremental Nonlinear Analysis). 

Program ADINA is a general purpose linear and non- 
linear static and dynamic finite element program. Structural 
matrices are stored in compacted form and element information 
is stored by blocks in low speed storage. The program is an 
Out-of-core solver; i.e., the equilibrium equations are 
processed in blocks, and very large finite element systems 
can be considered. There is practically no high speed storage 
limit on the number of finite elements used. 

For nonlinear response, an incremental solution of 
the equilibrium equations is used. The linear effective 
stiffness matrix, the linear stiffness matrix and the load 
vectors are assembled in low speed storage. During a step- 
by-step solution, the linear effective stiffness matrix is 
updated for the nonlinearities in the system. The incremental 
solution scheme corresponds to a modified Newton iteration. 
To control accuracy, the number of steps between equilibrium 
iterations and between reforming a new effective stiffness 


Matrix can be controlled by the user. 
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2. The Finite Element Method 

The finite element method of stress analysis is well 
known and widely used; therefore, only the basic aspects of 
1soparametric elements in plane stress need review. 

A coordinate transform from the 7, plane to the 
x,y Plane as shown in Figure 13 allows the element to be 
represented as an arbitrary shape in the x,y plane. Applying 
the concepts of minimum potential energy, a stiffness matrix 
meee cemmrned by integrating numerically over the »,f plane 
uSing gauss quadrature. Therefore, stresses are calculated 
at each gauss quadrature point in the element. Figure 14 
shows a typical isoparametric element and gauss quadrature 


pPemmes fOr a four point gauss quadrature. 


Peeeeeees ELEMENT METHODS USED 
1. Element Models 

Since it was necessary to generate a variety of models 
More that plates inwplane stress, two FORTRAN IV computer pro- 
grams, POINTS and NPOCINTS, were created to generate the 
appropriate element data for program ADINA. 

Program POINTS created a grid that modeled one quad- 
moameror tne emtire test plate. This model contained 50/7 
nodes and 228 finite elements; the model generated by this 
program for plate number one is shown in Figure 15. Through 
a minor modification to the program, a smaller model con- 
sisting of 351 nodes and 156 elements was generated. The 


mesh generated in this manner for plate number one is shown 
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in Figure 16. In view of the theories of St Venant, the 
smaller model was considered adequate for use in this analysis. 

Program NPOINTS was a smaller version of program 
Pome. Le created a grid that was the same size as the 
smaller model generated by POINTS. Although equal in physical 
size, the model generated by NPOINTS contained 189 nodes and 
78 elements. A modei generated by NPOINTS for plate number 
Fis shown in Figure 17. 

Both mesh generation programs were general in nature. 
By simply redefining the vector of variables which described 
the notch at the edge of the plate, a new mesh could be 
generated. Both mesh schemes were tested for accuracy and 
efficiency in program ADINA. 

For the plate model tested, the two elastic stress 
concentration factors calculated using the two mesh schemes 
were essentially equal. The mesh generated by POINTS re- 
quired 26.5 minutes of computer time for 20 load applications, 
while the mesh generated by NPOINTS required 23 minutes of 
computer time for 20 load applications. On the basis of 
relative efficiency, the mesh generated by NPOINTS was 
selected as the model to use for the finite element analysis 
portion of this investigation. Models generated by NPOINTS 
for notched specimens 2, 3, and 4 are shown in Figures 18-20 
respectively. All plates were modeled so that Gauss quadrature 
point number 3 in element number 1 coincided with the center 


of the strain gage on the actual test specimen. 
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FINITE ELEMENT MODEL FOR PLATE #2 


GENERATED BY PROGRAM NPOINTS 
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FINITE ELEMENT MODEL FOR PLATE #4 


GENERATED BY PROGRAM NPOINTS 
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2. Symmetry and Load Considerations 


Meshes generated by program NPOINTS, as shown in the 
above mentioned figures, model only one quarter of the plate. 
The plates are symmetrical and two planes of symmetry cut 
through the plates. Therefore, as shown in Figure 21, by 
imposing the boundary conditions of zero displacement in the 
y-direction for boundary 1, and zero displacement in the 
z-direction for boundary 2, it is necessary to model only 
one quarter of the plate for a complete analysis. 

Loads can be applied to the model only at nodal 
points; Figure 21 shows the formulation of the applied loads. 
A uniform stress is assumed across the boundary where the 
loads are applied. A load that would produce one half the 
stress in the element 1S applied at one node and an equal 
load is applied to the opposite node. If two elements share 
a common node, the loads are summed at that node. 

3. Material Model 

Program ADINA provided for the use of a bilinear 
stress-strain relationship when defining the material proper- 
ties of the two-dimensional continuum elements. The material 
model used was the elastic-plastic (von Mises isotropic 
hardening) model. This model is defined by Young's modulus, 
Bemssemes cratio, yield stress in simple tension and a strain 
foscening modulus. To model the actual properties of the 
test material, the modulus of elasticity as determined in 
the uniaxial tensile stress-strain test was used as Young's 
fees ana 0.3, a standard for aluminum, was used as 


Poisson's ratio. A linear least squares fit of the uniaxial 
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tensile stress-strain data between 1.0 percent and 2.1 per- 
cent strain was used to calculate a hardening modulus of 
399.6006 ksi. The intersection of the modulus of elasticity 
and the line defining the hardening modulus was taken to be 
eieeyreld stress of /7.1/3 ksi for the model. Figure 22 
shows the bilinear stress-strain assumption compared with 
the uniaxial tensile test data. 

4. Analysis Procedures 

A four point Gauss quadrature, which is the allowable 

maximum, was specified in the program input parameters to 
obtain results as close to the notch root boundary as 
possible. Because of this requirement, out of core storage 
requests in the standard ADINA JCL cards of reference 10 had 
to be modified to accommodate the size of the system being 
analyzed. The loads applied to the nodes shown in Figure 21 
were applied in thirty increments. The first four loads 
were scaled to create a stress at the notch root equal to 
the yield stress. The remaining twenty-six increments were 
evenly spaced between load number four and the highest load 
recorded during the corresponding notched flat plate specimen 


Eest . 


GyeeeescULTS OF FINITE ELEMENT ANALYSIS 

Tabular results of the finite element analysis using 
program ADINA are in Appendix B. The comparison of far field 
stress concentration factors from the finite element analysis 


and the notched test specimens were as follows: 
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Far Field Elastic 


stress Concentration Factors 


Plate Finite Element Specimen Test Variance 
al Bae S300 8.9% 
2 Sao 3 Se ae: Bees 
5 225k 2.45 2.4% 
= Ih es) Aes as 


The results of the finite element analysis compared favorably 
with the results obtained from the notched specimen tests 
moeoeateS 2, 3 and 4. In addition, if the far field elastic 
stress concentration factor for notched specimen number one 
was calculated using gage number 2 only, the variance would 
be 3.4 percent, comparable to the other plates modeled. 
Figures 23-26 compare notch root stress versus far field 
strain for the tensile test specimens and the finite element 
model. The correlation between finite element analysis and 
tensile test specimen data also compares favorably in 
Figures 23-26. The trend of the notch root stress to increase 
more rapidly after reaching the 30 ksi range is attributed 
to Gauss quadrature points in element number two becoming 
Pilesine ama dramatically changing its ability to carry a 
load. The effect is especially noticeable because of the 


difference in size of the elements. 
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rv. INVESTIGATION OF METHODS TO RELATE FAR FIELD STRAIN 

Teme eLen ROOT STRESS 
A. Moan tot tC ANALYSIS 

A heuristic analysis of far field strain and notch root 
stress was pursued after observing in Figures 23-26 that the 
plot of notch root stress versus far field strain maintained 
the same shape, although in a compressed form, as the original 
stress-strain relationship obtained in the uniaxial tensile 
stress-strain tests. Therefore, a local stress far field 
strain relationship was developed by dividing the local 
Strains by the far field stress concentration factor, for a 
given stress. 

For each notched test specimen, the new stress-strain 
relationship was developed and the far field strains from 
each test were used to verify the relationship by calculating 
stresses using the new stress-strain relation. The results 
are found in Tables 5, 12, 18, and 24 of Appendix A. 

As can be seen from the tabular data, the stresses com- 
puted in this manner vary up to 4 percent from the stresses 
actually recorded during the testing of the notched specimen. 
It can also be observed that the error increases as the notch 
root strain increases. 

Be A FAR FIELD STRESS AND STRAIN CONCENTRATION FACTOR 

POWER RELATION CURVE FIT 

Another attempt to relate the far field strain and notch 


root stress involved finding a relation between the far field 
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stress and strain concentration factors. The method used 


to relate the two concentration factors was a power curve 


fit. In equation form it was assumed that 
\o 
Ke = (a) (Ke ) 
he 
7 ‘o 
(VY /S) = (a) (€ fe ) 


Assuming that for every stress, there exists an in- 
fluence coefficient, E', such that stress is the product of 


E' and strain, the above equation can be written 


T = Sa(W/E'e)” 


Seuvenegeror the notch root stress, 


\-b 
oe— cla )%) 
Snecemenl Ss Gelation must also Hold in the elastic limit 
(E'=E), the coefficient, a, must be given by 
ine \~b 
a = (WV /Ee) = ee) 


Therefore, substituting into the above, 


i <Se 
Nee (Ke (Ee) ) (E/E) ) 


Two unknowns still remain in the above equation, the 
notch root stress and the influence coefficient, E'. There- 
fore, an iteration scheme using the relationship between 
stress and E' is necessary to calculate the notch root stress 


Usaneg this method. 
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To evaluate the relation of stress and E', the stresses 
of the stress-strain relationship (Figure 2 and Table 1) were 
divided by their corresponding strains to calculate an E' 
for that stress. The results are found in Table 6 of Appen- 
dix A and a plot of E' versus stress is found in Figure 27. 

A power curve fit method was used to calculate the power 
m@etOr, b, £rom the data of far field stress and strain con- 
Seadesation factors. 

Subroutine SOLVE of a data reduction program calculated 
Mee NOtch reet stresses given an input of the far field 
Serains. Figure 28 is a flowchart describing how subroutine 
Sen 2 functioned. 

The tabular results of the notch root stresses calcu- 
ated by SOLVE are presented in Tables 7, 13, 19, and 25. 
Table 26 provides the data calculated to be the curve fit 
exponent. The tabular results show differences of up to 
fifteen percent between calculated stresses and actual stresses 
found in the notched specimen tests. It should be noted, 
however, that only one refinement was made in iterating to 


mead toneews that related to the calculated stress. 


Ge Pee G THE INVERSE OF THE FAR FIELD STRESS AND STRAIN 
CONCENTRATION FACTORS IN A LEAST SQUARES LINEAR CURVE 
jedi 


A third method of relating the far field strain to the 
notch root stress was to use the observation that the inverse 
Pieeeeo rar Eleld strain concentration factor plotted against 
the inverse of the far field stress concentration factor was 


essentially linear. Figures 29-32 describe this relation 
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as well as the computed slopes and correlation coefficients 
uSing a least squares polynomial regression of degree one. 

Figure 33 shows the relation of slope, b, to the far field 

elastic stress concentration factor. 

The elastic limit in Figures 29-32 is at the point where 
the inverse of the strain concentration factor equals the 
inverse of the stress concentration factor. All data in the 
elastic range will, theoretically, Sian meena at Ehtsm pont. 


Therefore, it can be shown that 


(1/K_ (££)) = (1/K, (ff)) -b [(1/Ke (££))-(1/K, (££))] 
Or 
ea / Kee (to) ) een eae) (tee 
Assuming as in the power curve fit method that stress is the 
Pmediem OF an influence coefficient, E', and strain, then 


solving for stress, it can be shown that 


YT = Eek, (££) ((b+(E'/E))/(b+1)] 


Meets Oevyieus that if E is substituted for E' in the above 
equation, the elastic condition is satisfied. 

Subroutine SOLVE2 of a data reduction program used the 
Same influence coefficient concept as described previously 
in Table 6 of Appendix A and Figure 27. The scheme for cal- 
culating the notch root stress for a given input strain was 
the same as described in Figure 28. 

Tabular results uSing this method are presented in Tables 
8, 14, 20 and 26. Examination of the tabular data shows that 


the stresses calculated using the linear curve fit method 
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fepbomead by as much as ten percent from the actual stresses 
recorded in the notched specimen tests. It should be noted, 
however, that only one iteration was used in determining the 
coefficient, E', to use when calculating the notch root stress 
BOG a far field strain. 

The relation between the slope factor and far field 
elastic stress concentration factor as shown in Figure 33 
MeeenOe readily apparent and not considered further during 


hrs investigation. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


A. NEUBER'S RELATION 

The results of the notched specimen tests indicate that 
Neuber's relation is in error by as much as ten percent when 
strains are less than one percent. As the strains at the 
notch root became more significant, Neuber's relation became 
less accurate with fifteen percent error at two percent 
Strain dnd twenty percent at three percent strain. It can 
be concluded that methods of calculating local stress using 
Nueber's relation would be susceptible to the same inaccura- 


cies. 


ae PLETE ELEMENT ANALYSIS 

The results of the finite element analysis of notched 
flat plates in plane stress using program ADINA correlated 
well with the results obtained in the notched specimen tests. 
The only limitation on program ADINA appears to be its model- 
ing the element material in the plastic range in a bilinear 
stress-strain relationship. It is therefore recommended 
that element model number fifteen of program ADINA be de- 
veloped in order to define the material more closely through- 
out the range of strains to be encountered in the area of 


EhloOmnOoEC: roct. 


Gee DE TE RMENATION OF NOTCH ROOT STRESS FROM FAR FIELD STRAIN 
The Heuristic analysis investigated in Section IV is 


simple to use and economical with respect to computer time 
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used to perform the calculations. The heuristic method is 
much more accurate in the nonlinear range than Neuber's 
relation for the notch geometries and material properties 
used in this investigation. In view of the computational 
requirements to process the input strain data, the heuristic 
Mem~eed or calculating notch root stress is recommended for 
inclusion in reference 8, provided a four percent error is 
bememaalc, and the concept is proven for other materials. 

Tae pewer curve fit method of calculating the notch 
me@teseress was found to be in error by as much as fifteen 
weeceme. In addition, the fit of the curve to the stress 
and strain concentration factors data was poor, as shown in 
Table 27. In view of the poor fit of the data, and the in- 
creased computation time necessary to make this method use- 
ful, it is not recommended as a means of calculating notch 
meG@uweseness from far field strain. 

The linear fit of the inverse of the stress and strain 
concentration factors was more accurate than the power curve 
fit method. Because of the good correlation coefficients 
determined while calculating the slope factor, b, it has 
been concluded that a refinement of the iteration scheme to 
determine the proper influence coefficient E' would produce 
results more accurate than the heuristic metnod. 

In view of the above, it is recommended that an improved 
iteration scheme be developed to calculate notch root stress 
using the linear relation between the inverse of the stress 
and strain concentration factors. It is also recommended 


that further investigation be done to determine the slope 


G2 





factor as a function of material and elastic stress concen- 
tration factor. Furthermore, if the computational time is 
deemed to be worth the accuracy, it is recommended that the 
linear fit of the inverse of the stress and strain concen- 
tration factors method be used to calculate the notch root 


stress in reference 8. 
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